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© Removal of residual acid from chlorinated polymers. 

© The concentration of hydrogen chloride in an aqueous suspension of a macromolecular chlorinated 
hydrocarbon containing said hydrogen chloride is reduced by contacting liquid phase of the suspension with a 
strong basic ion exchange resin containing exchangeable hydroxy groups or with a weak basic ion exchange 
resin. 
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The present invention relates to a process for reducing the concentration of hydrogen chloride in an 
aqueous suspension of a macromolecular chlorinated hydrocarbon containing said hydrogen chloride. 

Macromolecular hydrocarbons such as polyplefins are generally chlorinated while in the form of finely- 
divided particles. One process provides for chlorination of the particles while they are suspended in an 
aqueous medium. Polyolefin resins may also be chlorinated while partially or totally dissolved in a solvent 
system. These processes generate a considerable amount of hydrogen chloride. The hydrogen chloride is 
dissolved in the aqueous medium or solvent system and distributed within the particles and on the surface 
of the particles. The acid must be removed or neutralized if the chlorinated polymer is to be useful for 
thermoplastic and elastomer applications. Several methods have been suggested for removing residual 
hydrogen chloride from macromolecular chlorinated hydrocarbons. One method relates to batch-wise 
centrifugation or filtration of the aqueous suspension of the macromolecular chlorinated hydrocarbon and 
thorough batch-wise washing of the solid particles. However, a very large amount of water is necessary for 
reducing the amount of hydrogen chloride within and on the surface of the particles to an acceptable level. 
Since hydrogen chloride is not only present in the aqueous phase of the suspension but also within and on 
the surface of the macromolecular chlorinated hydrocarbon, reduction of the amount of hydrogen chloride to 
an acceptable level has proven to be very difficult. The macromolecular chlorinated hydrocarbons, such as 
chlorinated polyethylene, have relatively strong bonds to hydrogen chloride, due to their chloride content. 

British Patent Specification No. 1,069,189 suggests a dialysis process for separating a strong acid of 
low molecular weight from an aqueous solution or suspension of an acidic polymer having a higher 
molecular weight, such as a sulfonated vinylaromatic polymer. An anion-exchange membrane is used for 
carrying out the dialysis process. The separation of the low molecular weight strong acid from the acidic 
polymer is based on the relative mobility and diffusion rate. The dialysis unit is designed to pass the 
dialysis feed liquor into one compartment and rinse water into the two adjacent ones so that the membrane 
is in contact on one side with dialysis liquor and on the other with water. For rapid removal of the strong 
acid from the feed liquor, the flow ratio of rinse water to dialysis feed should be high, preferably from 10 to 
20:1 . However, the use of large amounts of rinse water and the subsequent disposal of the rinse water 
containing the diluted strong acid are undesirable. Furthermore, according to the examples of the British 
_ patent specification only between 57 and 85 percent of the initial amount of strong acid in the feed liquor 
are removed. 

According to another method, hydrochloric acid is neutralized by adding caustic soda or some other 
alkaline material. However, neutralization leads to the formation of chloride salts within and on the surface of 
the polymer particles. German Offenlegungsschrift DE-A-1 720 788 suggests treatment of an aqueous 
suspension of a macromolecular chlorinated hydrocarbon with ethylene oxide and/or propylene oxide in the 
presence of an alkaline material for neutralizing hydrochloric acid. Again, a chloride salt is formed within 
and on the surface of the polymer particles. The presence of such chloride salts results in poor electrical 
properties and high water swell of macromolecular chlorinated hydrocarbons. 

U.S. Patent No. 4,730,035 relates to a method of removing hydrogen chloride from moist chlorinated 
polyolefins by drying and stripping residual hydrogen chloride from the chlorinated poiyolefins with a heated 
inert drying gas such as nitrogen, helium or argon. 

It would be desirable if there were available a. process for reducing the concentration of hydrogen 
chloride in an aqueous suspension of a macromolecular chlorinated hydrocarbon containing said hydrogen 
chloride which did not require neutralization of hydrogen chloride with an alkaline material and which did not 
require stripping of hydrogen chloride with a heated inert drying gas. 

The present invention relates to a process for reducing the concentration of hydrogen chloride in an . 
aqueous suspension of a macromolecular chlorinated hydrocarbon containing said hydrogen chloride, 
characterized in that at least a part of the liquid phase of the suspension is contacted with a strong basic 
ion exchange resin containing exchangeable hydroxy groups or with a weak basic ion exchange resin. 

After the liquid phase of the aqueous suspension has contacted the basic ion exchange resin, it can be 
recycled to the macromolecular chlorinated hydrocarbon whereby a portion of the hydrochloric acid within 
the macromolecular particles and on the polymer particles is transferred to the liquid phase of the 
suspension. Liquid phase can be contacted again with the basic ion exchange resin and then recycled to 
the macromolecular chlorinated hydrocarbon. By the recycling, wasting large amounts of water is avoided. 

Removal of acids from aqueous systems by means of an anion exchanger is generally known. British 
Patent Specification No. 1,381,300 relates to the preparation of an aqueous coating composition containing 
a paint binder. The paint binder is a polycarboxylic acid. After the production of the polycarboxylic acid, it is 
contacted with an anion exchanger to remove the incompletely polymerized or unpolymerized unsaturated 
carboxylic acids or their salts. U.S. Patent No. 4,663,420 suggests the production of polyetheroxy- 
substituted polyphosphazenes by reaction of an alkali metal mono or polyetheroxy alkoxide with a 
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polyphosphonitrilic halide in an inert solvent and purification of the crude polyetheroxy-substituted poly- 
phosphazene solution by mixing the solution with a cycloalkane to precipitate the purified polyphosphazene. 
Further purification is achieved by dissolving the precipitated polymer in water, contacting the aqueous 
solution with an ion exchange resin to remove halide and metal ions and recovering the polyetheroxy- 
5 substituted polyphosphazene from the aqueous solution by distilling off the water. British Patent Specifica- 
tion No. 1,479,831 relates to the fine purification of a polyolefin, such as polyethylene or polypropylene, 
which has been produced with the use of a catalyst system comprising a certain halogen-containing 
compound and an organometallic compound in the presence of an organic diluent. The produced polyolefin 
is separated from the diluent, freed from the catalyst by means of a liquid containing an acid, such as HCI, 
10 and subsequently washed repeatedly with water. This results in a product which contains about 80 ppm of 
HCI and residual hydrocarbons (e.g. gasoline) in addition to water. The product is heated with water and 
steam; at least a part of the water is continuously recirculated through an ion exchanger, such as a 
macromolecular basic resin, and returned to the treating vessel. 

However, the above-mentioned patents either teach the removal of other compounds, such as an 
75 unsaturated carboxyllc acid or a salt thereof (U.S. Patent No. 4,663,420) or they teach the removal of 
chloride ions from aqueous solutions or suspensions of polymers wherein the chloride ions are only present 
in the aqueous phase but are not located within or on the surface of the polymer to a substantial degree 
(British Patent Nos. 1,381,300 and 1,479,831). 

It is very surprising that hydrogen chloride which originates from the chlorination of a macromolecular 
20 hydrocarbon and which is not only present in the aqueous phase of the resulting aqueous suspension of the 
macromolecular chlorinated hydrocarbon but also within and on the polymer itself can be efficiently 
removed by means of a basic ion exchange resin. 

The drawing illustrates an apparatus which is useful for the process of the present invention. 
The present invention is applicable to a wide variety of macromolecular chlorinated hydrocarbons. It is 
25 particularly useful for reducing the concentration of hydrogen chloride which has been produced by 
chlorination or post-chlorination of polyolefins, for example polyethylene, polypropylene, or polybutene-1 or 
copolymers of ethylene, propylene and/or butene-1, or of polyvinyl chloride in an aqueous medium. 

The resins are beneficially chlorinated polyolefins, desirably chlorinated polyethylenes. The chlorinated 
polyethylene resins are suitably prepared by chlorination of essentially linear, finely-divided high density 
30 polyethylene or olefin copolymers containing at least about 80 mole percent of ethylene in the copolymer 
molecule. High density polyethylene (HDPE) preferably has a density of from 0.940 to 0.980 g/cm 3 . HDPE 
includes the linear polymers made at low pressure using a coordination catalyst such as a "Ziegler-type" 
catalyst. Methods for preparation of such polymers are well known in the art, for example as taught by 
Schildknecht, Polymer Processes Vol. X (1956) or in Chem. Eng. News, 5 December 1977. The olefin 
35 copolymers contain up to about 20 mole percent of one or more ethylenically unsaturated monomers 
copolymerizable with ethylene. Illustrative monomers include non-aromatic hydrocarbon olefins having from 
three to twelve carbon atoms such as propylene, butene-1, 1 -octene, 1 ,7-octadiene and the like; substituted 
olefins such as acrylic acid, acrylic acid esters and the like; alkenyl aromatic compounds such as styrene 
and its derivatives; and other known copolymerizable monomers. The chlorinated polyethylene resins may 
40 also be prepared by chlorination of the well known linear low density ethylene copolymers. These ethylene 
copolymers contain minor amounts (generally up to 20 percent, preferably from 5 to 20 percent by weight) 
of at least one alpha-olefin comonomer selected from the group consisting of propylene, 1-butene, 1- 
isobutene, 4-methyl-1-pentene, 1-pentene, 1-isopentene, 1-hexene, 1-isohexene, 1-heptene, 1-isoheptene, 
1-octene, 1-isooctene, 1-nonene, 1-isononene, 1-decene and 1-isodecene. The amount of comonomers 
45 used should generally be enough to result in polymer densities in the low range of 0.90 to 0.94 g/cm 3 . 
Furthermore, the chlorinated polyethylene resins may be prepared by chlorination of the ethylene ter- 
polymers disclosed in EP-A-010 428, such as ethylene/1 -butene/1 -octene or ethylene/propylene/1 -octene 
terpolymers. The chlorinated polyethylene resins are suitably prepared by suspension chlorination as 
disclosed in U.S. Patent No. 3,454,544, the teaching of which is incorporated herein by reference thereto, 
so The chlorinated resins may also be prepared by other known suspension or slurry processes, particularly 
aqueous suspension or slurry processes. The chlorinated polyethylene resins preferably have an average 
diameter of 200 to 400 microns, more preferably of 250 to 350 microns. 

Following completion of chlorination, slurries or suspensions of chlorinated polymer resins generally 
have a polymer solids content of from 5 to 25 weight percent, typically from 10 to 15 weight percent, based 
55 upon the weight of the slurry. If the chlorination of the macromolecular hydrocarbon was made in a non- 
aqueous system, the non-aqueous medium is separated from the chlorinated macromolecular hydrocarbon, 
for example by centrifugation or filtration. The macromolecular chlorinated hydrocarbon is then redispersed 
in water. Suitable polymer contents in the aqueous suspension are from 5 to 25 percent, preferably from 10 
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to 1 5 percent 

in the practice of the present invention, it is advisable to mechanically separate the macromolecular 
chlorinated hydrocarbon from the liquid phase of the suspension or slurry; separation can for example be 
made by filtration, centrifugation or allowing sufficient settling of the macromolecular chlorinated hydrocar- 

5 bon that the supernatant liquid can be separately treated. 

When at least a part of the liquid phase of the aqueous suspension is contacted with the basic ion 
exchange resin, the content of the macromolecular chlorinated hydrocarbon in the liquid phase preferably is 
only up to 500 ppm, more preferably only up to 300 ppm (mg macromolecular chlorinated hydrocarbon per 
kg liquid phase) in order to avoid plugging of the ion exchange system. 

ra Before at least a part, preferably substantially the entire amount of the liquid phase of the aqueous 
suspension of the macromolecular chlorinated hydrocarbon is contacted the first time with the basic ion 
exchange resin, the residual acid loading of the aqueous suspension preferably is less than 50,000 ppm, 
more preferably less than 20,000 ppm and most preferably less than 5,000 ppm, based upon the dry weight 
of the macromolecular chlorinated hydrocarbon. By "residual acid loading" is meant the residual loading of 

T5 hydrochloric acid. 

The residual acid loading of the aqueous suspension, based upon the dry weight of the macromolecular 
chlorinated hydrocarbon, is a value calculated according to Formula I. 

Residual Acid Loading = PPM-Wet + Percent Solids, (I) 

20 

"PPM-WET" is calculated according to Formula II. 

PPM-Wet = Weight of Acid in Sample + Total Sample Weight (II) wherein total sample weight is the 
combined weights of acid, macromolecular chlorinated hydrocarbon and water in a sample. "Percent 
25 Solids" is determined by weighing a sample before and after drying the sample until no further weight 
change is observed. 

At least part of the liquid phase of the aqueous suspension of the macromolecular chlorinated 
hydrocarbon is contacted with a basic ion exchange resin, for example by causing the liquid phase to flow 
once or several times through a container such as a column containing the basic ion exchange resin. The 

30 flow through the container may be continuous, the velocity of the liquid phase preferably being from 1 0 to 
80 m/h, more preferably from 20 to 60 m/h. Alternatively, liquid phase of the aqueous suspension may be 
contacted batch-by-batch with the ion exchange resin. The temperature of the liquid phase when contacting 
the basic ion exchange resin generally is from 20 'C to 100°C, preferably from 40 °C to 80* C, more 
preferably from 50° C to 60* C. The contact time of the liquid phase of the aqueous suspension with the 

35 basic ion exchange resin preferably is from 20 to 60 minutes per cycle. Preferably the liquid phase flows 
from 2 to 7 times, more preferably from 3 to 5 times, through the container comprising the basic ion 
exchange resin. 

Strong basic ion exchange resins containing exchangeable hydroxy groups or weak basic ion exchange 
resins are useful in the process of the present invention. The terms "strong" and "weak" basic ion 

40 exchange resins are' known in the art, see for example "Ullmann's Enzyklopaedie der Technischen 
Chemie", 4th Edition, Vol. 13 page 297. 

Typically, the strong basic ion exchange resins contain quaternary ammonium groups which are bound 
to a polymeric matrix and exchangable anions of which at least a portion are hydroxy groups. Preferably, . 
from 10 to 100 percent, more preferably from 40 to 90 percent and most preferably from 50 to 80 percent 

45 of the total number of exchangeable anions are the hydroxy group. The remaining amount may be anions 
which do not substantially influence the exchange between the hydroxy groups in the anion exchange 
resins and the chloride groups in the liquid phase of the aqueous suspension and which do not negatively 
influence the properties of a macromolecular chlorinated hydrocarbon. Such anions are for example 
chloride, sulfate, carbonate or hydrogen carbonate anions. 

so Functional groups of strong basic ion exchange resins preferably are: 

-NR3R4R5 X- groups (I) 

wherein R 3 and R*. independently in each occurrence are hydrogen or Ci-s-alkyl such as n-butyl, tert. 

55 butyl, sec. butyl, the pentyl groups, the hexyl groups such as n-hexyl, preferably Ci-3-alkyl, such as 
methyl, ethyl, n-propyl or isopropyl; 

Rs independently in each occurrence is hydrogen or Ci-6-alkyl such as n-butyl tert. butyl, sec. butyl, the 

pentyl groups, the hexyl groups such as n-hexyl, preferably Ci-3-alkyl, such as methyl, ethyl, n-propyl or 
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isopropyl or is a hydroxy-Ci- 3 -alkyl, such as hydroxymethylene or hydroxypropylene or, preferably, 
hydroxyethylene, or a mono- or di-Ci-6-alkylaminoethylene group, preferably a mono- or di-Ci- 3 -al- 
kylaminoethyiene group such as dimethyl-, diethyl- or dipropylaminoethylene; and 
X is the hydroxy! group. 

5 Of the quaternary ammonium groups being bound to the polymeric matrix, trimethylammonium and 
dimethylhydroxyethylene ammonium groups-^re preferred of which the trimethyi ammonium group is more 
preferred due to its high temperature resistance. 

Weak basic ion exchange resins containing primary, secondary, or, preferably, tertiary amino groups 
bound to a polymeric matrix are also useful. Strictly speaking, weak basic ion exchange resins do not 
70 exchange chloride ions-originating from the aqueous suspension of a macromolecular chlorinated hydrocar- 
bon with other anions but are capable of adsorbing hydrochloric acid due to their basic properties. 
Functional groups of weak basic ion exchange resins preferably are: 

-NR 3 R3 groups (II) 

75 . 

wherein R3 and R+ have the above-mentioned meanings. 

Preferably, both R 3 and R4 are an above-mentioned C1 -e-alkyl group, most preferably methyl. 
Mixed basic ion exchange resins containing functional groups of Formula (I) and (II) are also useful for 
the process of the present invention. For the purpose of the present invention, the mixed basic ion 

20 exchange resins are to be considered as strong basic ion exchange resins if they contain more functional 
groups of Formula I than functional groups of Formula II. The mixed basic ion exchange resins are to be 
considered as weak basic ion exchange resins if they contain more functional groups of Formula II than 
functional groups of Formula I. By no means are the mixed basic ion exchange resins to be construed as 
being a third class of basic ion exchange resins and being a class different from the strong and weak basic 

25 ion exchange resins. 

Various cross-linked polymers are useful as a matrix for the resins. One known type of matrix is based 
on cross-linked phenol/formaldehyde condensation polymers which are for example cross-linked wfth an 
aldehyde, a chlorinated hydrocarbon or an epoxy compound. Other known types of matrixes are cross- 
linked polymers of vinylbenzyl chloride, of acrylic acid or of - acrylamide or a polyacrylate. The preferred 

30 matrixes are cross-linked polystyrene or poly(alpha-methylstyrene) or a cross-linked polymer of styrene or 
alpha-methylstyrene which is substituted at the benzene ring with d-s-alkyl, for example methyl, ethyl, 
tert butyl, isopropyl, or a halogeno-Ci-s-alkyI, e.g. chtoromethyl, or aminomethyl. The cross-linking agent 
preferably is an alkyl acrylate or a di- or polyvinyl compound such as trivinyi cyclohexane, ethylene glycol 
dimethacrylate or trimethylolpropane triacrylate, most preferably divinylbenzene or trivinylbenzene. Divinyl- 

35 benzene is typically copolymerized with the substituted or unsubstituted styrene or with acrylic acid. 

The functional groups can be directly or indirectly bound to the polymeric matrix. For example the 
functional. groups can be bound to the polymeric matrix via alkylene groups such as C1 - 3 -alkylene groups, 
preferably ethylene or methylene with methylene being the most preferred group. 

Instead of basic exchange resins having one of the above-mentioned matrixes and functional groups, 

40 basic exchange resins of the following type are also useful: cross-linked polyvinylpyridines or poly- 
vinylimidazols, which are for example cross-linked with trimethylolpropane triacrylate or 
methyienebisacrylamide, such as those commercially available from the Riedel-de Haen Company or cross- 
linked terpolymers of vinyipyridine, styrene and the cross-linking agent; these resins have to be converted 
into a salt form before using them as basic ion exchange resins, for example by reacting them with an 

45 organic or inorganic acid whereby the nitrogen group is protonated and the resin beads are at least partially 
provided with exchangeable hydroxy groups. Useful are also quaternized polyvinylpyridine- and 
polyvinyfimidazoie-type resins such as poly(methylvinylpryridinium chloride) or cross-linked quaternized 
poly(dimethyl-aminoethylmethacrylate) or poiy(3-acrylamido-3-methyl-butyl trimethylammonium chloride) 
wherein at least a portion of the chloride anions is replaced by hydroxy groups. 

50 Resin beads having an above-mentioned matrix and above-mentioned functional groups are known and 
for example described in "Ullmann's Enxyklopadie der Technischen Chemie", 4th Edition, Vol. 13, pages 
279 et seq. 

The resin beads can have a macroporous or gel-type (microporous) structure. The macroporous resin 
beads preferably have an average pore diameter of more than 10 nm. The microporous resin beads 
55 preferably have an average pore diameter of 0.5 to 5 nm. These resin beads may be prepared according to 
conventional suspension polymerization techniques such as those taught in U.S. Patent Nos. 4,564,644; 
4,297,220 and 4,382,124. Furthermore, useful resin beads are cross-linked spheroido gel-type microporous 
copolymer beads which have a core/shell morphology. By the term "core/shell morphology" it is meant that 
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the polymeric structure of the copolymer beads changes from the inside to the outside of the bead. The 
core/shell morphology of the resin beads is detectable using known analytical techniques such as those 
mentioned in European Patent Application No. 0101943. The core/shell resin beads preferably have a shell 
containing a lower proportion of cross-linking monomers than the core. Most preferably, the resin beads 

5 have a substantially uniform particle size. Their size preferably is from 0.3 mm to 1.2 mm, more preferably 
from 0.4 mm to 0.8 mm. Resin beads having a uniform particle size can be produced according to 
European Patent Application No. 0046535 and British Patent Specification No. 1,116,800. 

Preferably, the basic ion exchange resins are stable over a relatively long period of time, preferably 
longer than 3 months, more preferably longer than 6 months, at relatively high temperatures, such as at 

70 about 65 * C or more. Useful basic ion exchange resins are for example those prepared from DOWEXTM- 
SBR ion exchange resins by replacing at least 10 percent, preferably at least 40 percent of the chloride 
anion by hydroxy groups. The DOWEXTM-SBR ion exchange resins are gel-type (microporous) polystyrene 
beads cross-linked with divinylbenzene containing about 1.5 meq/ml active trimethylammonium chloride 
groups. Further basic ion exchange resins are available as DOWEXTM-WGR from The Dow Chemical 

75 Company and as AP247A from Bayer. 

When the basic ion exchange resin is exhausted, it can be regenerated in a known manner by treating 
it with an alkaline material, for example with aqueous NaOH. 

Liquid phase of the aqueous suspension which has contacted the basic ion exchange resin can be 
recycled to the macromolecular chlorinated hydrocarbon and can be used for -washing the macromolecular 

20 chlorinated hydrocarbon. The temperature of the liquid phase^ preferably is from 20 "C to 100° C, more 
preferably from 40 *C to 100* C, most preferably from 50 °C to 95* C when it is recycled to the 
macromolecular chlorinated hydrocarbon. Thereby a portion of the hydrochloric acid which is located within 
the macromolecular particles and on the macromolecular particles is transferred to the liquid phase of the 
aqueous suspension. Liquid phase can then be separated from the macromolecular particles, contacted with 

25 a basic ion exchange resin to reduce its HCI content and again recycled to the macromolecular chlorinated 
hydrocarbon. This repeated treatment of liquid phase with a basic ion exchange resin and recycling of liquid 
phase to the macromolecular chlorinated hydrocarbon can be carried out batch-wise but it is preferably 
carried out continuously. 

Preferably, at least a part of the liquid phase of the aqueous suspension is contacted sufficiently long 

30 and sufficiently often with the basic ion exchange resin that the residual acid loading of the liquid phase, 
after having been contacted with the basic ion exchange resin, is less than 200 ppm, more preferably less 
than 100 ppm and most preferably less than 50 ppm, based on the total weight of the liquid phase. By 
"residual acid loading" is meant the residual loading of hydrochloric acid. Preferably, at least a part of the 
liquid phase of the aqueous suspension is contacted sufficiently long and sufficiently often with the basic 

35 ion exchange resin that the residual acid loading of the aqueous suspension, after having been contacted 
with the basic ion exchange resin, is less than about 1000 ppm, more preferably less than about 600 ppm, 
based upon the dry weight of the macromolecular chlorinated hydrocarbon. Usually about 95 percent or 
more, preferably about 98 percent or more, most preferably about 99 percent or more, of the residual acid 
loading that was present in the aqueous suspension before it was contacted with the basic ion exchange 

40 resin is removed from the aqueous suspension by the process of the present invention. 

The macromolecular chlorinated hydrocarbon may then be separated from the liquid phase of the 
aqueous suspension, for example by filtration and/or centrifugatlon. The moist macromolecular chlorinated 
hydrocarbon may be dried in a known manner, for example by means of a heated inert drying gas, such as 
nitrogen, helium and the like. The drying temperature preferably is from 20 *C to 80° C, more preferably 

45 from 25 *C to 65° C. 

If the macromolecular chlorinated hydrocarbon exhibits a tendency to agglomerate during drying, the 
chlorinated hydrocarbon may be mixed with an organic and/or an inorganic particulate additive before 
drying. The additive preferably is talc, calcium stearate, calcium carbonate or stearic acid coated calcium 
carbonate. Other known anti-agglomeration additives may also be used provided they do not react with the 

so residual hydrochloric acid or with the macromolecular chlorinated hydrocarbon being dried. Two or more of 
the additives may be used in combination. The additive is beneficially talc or calcium stearate. The 
additives are used in an amount sufficient to generally preclude agglomeration of polymer particles during 
drying thereof. If the additive is talc, the amount is beneficially from 2 to 7 weight percent, based upon the 
dry weight of the macromolecular chlorinated hydrocarbon. If the additive is calcium stearate, the amount is 

55 beneficially form 0.5 to 2 weight percent, based upon the dry weight of the macromolecular chlorinated 
hydrocarbon. Particulate additives are generally not needed when drying small quantities of macromolecular 
chlorinated hydrocarbons as is the case with laboratory scale dryers. 

A preferred embodiment of the process of the present invention is further .illustrated by reference to the 
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figure. Referring now to the figure, an aqueous suspension of a macromolecular chlorinated hydrocarbon 
containing hydrogen chloride is placed in a tank 1 which is equipped with a stirring means 2, a heating 
jacket 7 and a temperature control 8. The tank may be equipped with a means for preventing evaporation of 
water, for example with a known reflux condenser (not shown). The heating jacket is connected with a heat 

5 exchanger 3, for example with a water bath, by conducts 9 and 10. The tank Vis connected with an ion 
exchange system 13 via conducts 1 1 and 12. The ion exchange system comprises a means of temperature 
control, for example a heat exchanger 14. The tank 1 further comprises a value 6 for removing the aqueous 
suspension from the tank. Preferably, a means for separating the liquid phase of the aqueous suspension 
from the macromolecular chlorinated hydrocarbon is arranged to the tank. Such a separation means may 

70 comprise a filter 4, a container 5 for the liquid phase and a means for drawing a vacuum (not shown). 

When the apparatus illustrated by Figure 1 is in operation, the aqueous suspension of the macro- 
molecular chlorinated hydrocarbon containing hydrogen chloride is stirred, preferably at 50 to 800 revolu- 
tions per minute (rpm), more preferably at 100 to 500 rpm. The temperature of the suspension in the tank 1 
is maintained at 20° C to 100* C, preferably at 40* C to 100° C, more preferably at 50° C to 95° C, by the 

75 heating jacket 7 which is in connection with the water bath 3 having a temperature of from 20* C to 100° C, 
preferably from 40* C to 100° C, most preferably of from 50° C to 95° C. The liquid phase of the suspension 
is removed from the tank via an outlet (not shown) which is preferably located at the upper end of the tank. 
Preferably, the liquid phase is drawn from the tank by a set of two membrane pumps (not shown). The 
liquid phase is transported through a conduct 11 to the heat exchange system 13 by a known means, for 

20 example by a pump (not shown). The ion exchange system preferably comprises a column containing the 
basic ion exchange resin.. The temperature of the liquid phase of the aqueous suspension in the ion 
exchange resin generally is from 20* C to 100* C, preferably from 40° C to 80° C, more preferably from 
50 °C to 60 *C. The temperature is maintained by the heat exchanger 14. When the temperature of the 
liquid phase in tank 1 is higher than its desired temperature in the ion exchange system, the liquid phase 

25 can be cooled by a known means before it enters the ion exchange system. When the liquid phase has 
passed the ion exchange system 13, it is recycled to tank 1 via a conduct 12. In general, substantially the 
entire amount of the liquid phase is circulated within 0.1 to 1 hour, preferably within 0.2 to 0.7 hour. 
Preferably, the residence time of the liquid phase in tank 1 is less than 1 hour, more preferably less than 
0.5 hour and most preferably less than 0.1 hour (the residence time of the liquid phase in the tank 

30 corresponds to the volume of the tank divided by the flow rate of the liquid phase). As long as the residual 
acid loading of the aqueous suspension in tank 1 is more than about 1000 ppm, based upon the dry weight 
of the macromolecular chlorinated hydrocarbon, the temperature of the aqueous suspension in tank 1 
preferably is from 60* C to 85 *C and the liquid phase of the aqueous suspension in tank 1 preferably is 
from 60 *C to 85 *C and the liquid phase of the aqueous suspension is quickly circulated, that means 

35 substantially the entire amount of the liquid phase is circulated within 0.1 to 0.3 hour. When the residual 
acid loading of the aqueous suspension in tank 1 is about 1000 ppm or less, based upon the dry weight of 
the macromolecular chlorinated hydrocarbon, it is advisable to increase the temperature of the aqueous 
suspension in tank 1, preferably to a temperature of from 90° C to 100* C. The circulation rate of the liquid 
phase can be reduced. Advantageously, substantially the entire amount of liquid phase is circulated within 

40 0.3 to 0.5 hour. After the concentration of hydrogen chloride in the aqueous suspension has been reduced 
to the desired level, the macromolecular chlorinated hydrocarbon is separated from the liquid phase of the 
aqueous suspension by means of a filtration apparatus which for example comprises a fitter 4 and a 
container 5 which can be evacuated. 

The present invention is further illustrated by the following examples which should not be construed to - 

45 limit the scope of the present invention. All parts and percentages are by weight. 

Example 1 

A six-liter jacketed glass vessel was equipped with an air driven stirring device which was equipped 
so with 2 blades of which one was arranged at the lower end and the other one near the upper end of the 
stirring device. The glass vessel was further equipped with a thermometer and a reflux condenser. The 
glass vessel contained 2 kg of an aqueous suspension of chlorinated polyethylene containing about 36 
weight percent chlorine, based on the total weight of the chlorinated polyethylene. The chlorinated 
polyethylene had been produced from high density polyethylene having a density of 0.960 g/cm 3 and a 
55 melt index of 0.1 dg/min. The aqueous suspension contained 12.7 weight percent chlorinated polyethylene. 
The temperature of the suspension in the glass vessel was 89* C. The suspension was stirred at 150 rpm. 
All particles of the chlorinated polyethylene had a size of less than 1 mm. The liquid phase of the aqueous 
suspension was continuously pumped through an ion exchange column containing 400 ml of a macroporous 
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weak basic ion exchange resin which contained a styrene/divinylbenzene matrix and dimethyl amine 
groups. 

The ion exchange resin was commercially available from The Dow Chemical Company as DOWEXTM 
66. The flow rate of the liquid phase was 10.6 liters per hour. Prior to contacting the liquid phase with the 
5 ion exchange resin, the temperature of the liquid phase was reduced to 70 °C After having passed the ion 
exchange resin, the liquid was recycled tolhTglass vessel and reheated to 89° C. The ion exchange resin 
was regenerated with 1 liter of 4 weight percent aqueous sodium hydroxide and 3 liters of distilled water. 

The initial concentration of hydrochloric acid was 1450 ppm, based on the dry weight of chlorinated 
polyethylene. After the liquid phase of the aqueous suspension had been pumped through the ion exchange 
io resin for 15 minutes, the concentration of hydrochloric acid in the aqueous suspension was about 750 ppm, 
based upon the dry weight of chlorinated polyethylene. The liquid effluent of the ion exchange column 
contained about 100 ppm hydrochloric acid. 

Example 2 

75 

Example 1 was repeated, however the basic ion exchange resin used in Example 2 was a microporous 
strong basic ion exchange resin which contained a styrene/divinylbenzene matrix and trimethylammonium 
hydroxy groups. The ion exchange resin was commercially available from The Dow Chemical Company as 
DOWEXTM SBR-PC, The aqueous suspension contained 1 2.5 weight percent of the chlorinated polyethyl- 

20 ene. The flow of the liquid phase was 16.0 liters per hour. The initial concentration of hydrochloric acid in 
the aqueous dispersion was 1630 ppm, based on the dry weight of the chlorinated polyethylene. After 
having pumped the liquid phase of the aqueous suspension through the ion exchange resin for 15 minutes, 
the residual hydrochloric acid loading dropped to about 700 ppm, based on the dry weight of the 
chlorinated polyethylene and remained at about this level. 

25 The effluent of the ion exchange column contained 50 ppm of hydrochloric acid after treatment of the 
liquid phase for 15 minutes. After an hour of treatment, the effluent of the ion exchange column contained 
about 5 ppm of hydrochloric acid. 

Example 3 

30 

Example 1 was repeated, however the same ion exchange resin in Example 2 was used which was 
commercially available from The Dow Chemical Company as DOWEXTM SBR-PC. The aqueous suspension 
contained 1 1 .5 weight percent of the chlorinated polyethylene. The temperature in the jacketed vessel was 
88* C. The flow rate of the liquid phase was 21.0 liters per hour. The concentration of the hydrochloric acid 

35 in the effluent of the ion exchange column linearly dropped from 175 ppm at the beginning to 75 ppm after 
12 minutes. The treatment of the liquid phase with the basic ion exchange resin was continued and the 
concentration of the hydrochloric acid in the effluent of the ion exchange column could further be 
decreased, although at a lower speed than at the beginning. After 60 minutes the concentration . of the 
hydrochloric acid in the effluent was less than 5 ppm. The residual hydrochloric acid loading, based on the 

40 dry weight of chlorinated polyethylene, was more than 1900 ppm at the beginning and dropped to 800 ppm 
within 2 minutes. 

Example 4 

45 Example 3 was repeated, however the flow rate of the liquid phase through the basic ion exchange 
resin was only 3.6 liters per hour. The concentration of the hydrochloric acid in the effluent of the ion 
exchange column linearly dropped from 175 ppm at the beginning to 20 ppm after 90 minutes. 

The residual hydrochloric acid loading, based on the dry weight of chlorinated polyethylene, was mere 
than 1900 ppm at the beginning and dropped to 800 ppm within 2 minutes. 

50 

Example 5 to 7 

Example 3 was repeated, however the concentration of the chlorinated polyethylene was 12.5 percent, 
based on the total weight of the aqueous suspension. The temperature in the jacketed vessel was 90° C. 
55 In Example 5 the flow rate of the liquid phase through the basic ion exchange column was 16.0 liters 
per hour. The concentration of hydrochloric acid in the effluent of the ion exchange column was 84 ppm at 
the beginning and dropped to less than 20 ppm within 60 minutes and to less than 5 ppm within 120 
minutes. 
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In Example 6 the flow rate of the liquid phase was 20 liters per hour. Essentially the same results were 
obtained as in Example 5. 

In Example 7 the flow rate of the liquid phase was 5.5 liters per hour. The concentration of hydrochloric 
acid in the effluent of the ion exchange column was 121 ppm at the beginning and decreased to 25 ppm 
after 2 hours treatment of the liquid phase with the basic ion exchange resin. 

Example 8 to 14 

Example 1 was repeated, however, a two-liter glass vessel was used and the aqueous suspension of 
the chlorinated polyethylene was stirred at 400 rpm. An ion exchange column was used which was made of 
glass, had a diameter of 10 cm and contained the same basic ion exchange resin as in Example 2 which 
resin was commercially available from The Dow Chemical Company as DOWEXTM SBR-PC. The ion 
exchange resin was regenerated with 50 weight percent aqueous sodium hydroxide. 

The concentration of the chlorinated polyethylene in the. aqueous suspension, the temperature of the 
aqueous suspension and the flow rate of the liquid phase through the ion exchange column are listed in 
Table 1 below. 



TABLE 1 



Example 


% Solids 1 * 


Temperature 2 * °C 


Flow Rate 3> 
1/h 








8 


6.9 


80 


12.6 


9 


7.8 


70 


20 


10 


8.6 


95 


20 


11 


15.6 


95 


20 


12 


11.5 


95 


20 


13 


10.5 


95 


20 


14 


10.5 


95 


5 



0 Weight percent chlorinated polyethylene, based 
» on the total weight of the aqueous suspension, 

2) Temperature of the stirred aqueous suspension in 
the glass vessel. 

3) Flow rate of the liquid phase through the ion 
exchange resin. 

The residual hydrochloric acid loading, based on the dry weight of chlorinated polyethylene, and the 
residual hydrochloric acid loading, based on the liquid phase weight were measured several times, first 
prior to the treatment according to the process of the present invention (at "time: 0 min.") and then during 
the treatment at various points in time. The results are listed in Table 2. 
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Claims 



1. A process for reducing the concentration of hydrogen chloride in an aqueous suspension of a 
macromolecular chlorinated hydrocarbon containing said hydrogen chloride, characterized in that . at 
least a part of the liquid phase of the suspension is contacted with a strong basic ion exchange resin 
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containing exchangeable hydroxy groups or with a -weak basic ion exchange resin. 

2. The process of Claim 1, characterized in that the aqueous suspension contains a chlorinated polyolefin. 

5 3. The process of Claim 1 or 2, characterized in that the ion exchange resin contains functional groups of 
Formula I: 

-NR3R4R5 X- (I) 

10 wherein R3 and R4 independently in each occurrence are hydrogen or Ci-6-a!kyl; 

Rs independently in each occurrence is hydrogen, a Ci-6-aIkyl, a hydroxy-Ci-3-alkyl or a mono- or di- 
Ci-6-alkyl-aminoethylene group; and 

15 X is the hydroxy group. 

4. The process of any one of Claims 1 to 3, characterized in that liquid phase of the suspension is 
recycled to the macromolecular chlorinated hydrocarbon after having contacted the basic ion exchange 
resin. 

20 

5. The process of Claim 4, characterized in that the temperature of the liquid phase which is recycled to 
the macromolecular chlorinated hydrocarbon is from 20* C to 100° C, preferably from 40° C to 100° C, 
more preferably from 50 * C to 95 * C. 

25 6. The process of any one of Claims 1 to 5, characterized in that liquid phase of the aqueous suspension 
is contacted with the basic ion exchange resin at a temperature of from 20* C to 100°C, preferably 
from 40* C to 80° C, more preferably from 50 * C to 60* C. 

7. The process of any one of Claims 1 to 6, characterized in that the residual acid loading of the aqueous 
30 suspension prior to being contacted with the basic ion exchange resin is less than 50,000 ppm, 

preferably less than 20,000 ppm, more preferably less than 5,000 ppm, based upon the dry weight of 
the macromolecular chlorinated hydrocarbon. 

8. The process of any one of Claims 1 to 7, characterized in that the residual acid loading of the liquid 
35 phase of the aqueous suspension, after having been contacted with the basic ion exchange resin, is 

less than 200 ppm, preferably less than 100 ppm, more preferably less than 50 ppm, based upon the 
total weight of the liquid phase. 

9. The process of any one of Claims 1 to 8, characterized in that the amount of the macromolecular 
40 chlorinated hydrocarbon in the aqueous suspension is from 5 to 25 percent, preferably from 10 to 15 

percent, by the total weight of the aqueous suspension. 

10. The process of any one of Claims 1 to 9, characterized in that liquid phase of the aqueous suspension 
is caused to flow once or several times through a container containing the basic ion exchange resin at a 

45 velocity of from 10 to 80 m/h, preferably from 20 to 60 m/h. 
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